ABSTRACT. Wasps belong to societies that are highly complex and diverse, especially considering social organization and parental care. They use chemicals in their daily communication, and act incisively in recognition of mates and non-nest mates, and can even identify individuals of different castes. In this study, cuticle composition was examined during the development of Polistes versicolor from the egg stage to adulthood, with the aim to assess changes in the chemical signature of the species, using gas chromatography. Linear alkanes and branched alkanes were identified that were important to distinguish the various developmental stages of P. versicolor. The variation in the linear alkanes and branched alkanes was quantitative, since most of them are present in all stages, with the exception of some linear alkanes that uniquely characterized the egg stage. At the egg stage, differences were predominant for linear alkanes C 8 , C 24 , C 27 , and C 29 . For the larval instars, there was a predominance of linear alkanes C 8 , C 22 and C 24 to C 30 . In the pre-pupae, pupae and adult stages, C 8 , C 22 , C 24 , and C 26 to C 30 showed a higher abundance during later developmental stages. The addition to branched alkanes increased their 12520-12528 (2015) abundance from the egg (13.52%) to adult (22.96%) stages.
INTRODUCTION
The wasp Polistes versicolor is an eotropical species that can be found from Costa Rica to Argentina. It is characterized mainly by its eusociality, with nests having a single comb. Colonies may be started by a single fertilized female, or by two or more fertilized females and layers (Nagamati et al., 2010) . The development of P. versicolor is holometabolous, with five larval instars (Prezoto and Gobbi, 2005; Pinheiro et al., 2011) . Like other social wasps, P. versicolor exhibits distribution of labor, cooperation care of the young, and overlapping generations; these features contribute to maintaining colony cohesion (Gullan and Cranston, 2010) .
The main factor influencing colony cohesion of social insects is communication, which can be carried out through visual, audible, tactile and chemical signals, with the latter, called semiochemicals, being the most effective. Semiochemicals are used for various functions such as defense, foraging, and task attributions, among others (Lorenzi et al., 2004; Zarbin and Rodrigues, 2009; Ferreira-Caliman et al., 2013) . These compounds, when used in intra-specific communication (Zarbin and Rodrigues, 2009) , and found in insect cuticle (Ferreira-Caliman et al., 2013) .
Semiochemicals also work in signaling processes both within and between colonies (Blomquist and Bagneres, 2010) , and in the ability of individuals to recognize and distinguish roommate and non-nest mates (Gamboa, 2004; Lucas et al., 2005; Cotoneschi et al., 2007; Ferreira-Caliman et al., 2010; Kroiss et al., 2011; Bos et al., 2012; Costanzi et al., 2013) . Indeed, interactions mediated by surface compounds are observed among insects in general, and several studies have been conducted specifically with wasps of the genus Polistes (Dapporto et al., 2004; Dapporto et al., 2005; Cotoneschi et al., 2007; Dapporto et al., 2007; Dapporto et al., 2008; Cotoneschi et al., 2009; Lorenzi et al., 2011) .
The cuticular hydrocarbons, mostly linear alkanes, branched alkanes and alkenes are used during communication of the insects. (Howard and Baker, 2004; Dapporto et al., 2005; Devigne and Biseau, 2012; Gołębiowski et al., 2013; Olaniran et al., 2013) . According to Krasnec and Breed (2013) , the cuticular hydrocarbons can be specific to each colony and lead to qualitative and quantitative variations between colonies. These compounds can also vary throughout the development stages.
It has been previously shown that the cuticular chemical signature differs between the different developmental stages. For example, for the insect Riptortus pedestris, the cuticular composition of eggs, larvae and adults have presented qualitative and quantitative differences (Yoon et al., 2012) . In a study on the fly Lucilia sericata, quantitative differences were reported between cuticular compounds at different developmental stages (Golebiowski et al., 2012) . Brown et al. (1991) identified quantitative differences inthe composition of cuticular hydrocarbons of larvae, pre-pupae, pupae and adults of the social waspVespula germanica. According to Lorenzi et al. (2004) , cuticular hydrocarbons found in Polistes dominulus increased quantitatively following emergence to the adulthood stage. Dapporto et al. (2007) studied the chemical profiles of eggs and cuticle of beta and alpha female P. dominulus wasps in experimental colonies, and found that the chemical profile of each egg type corresponded to the profile of the respective female.
Methods and techniques of high precision are required for the analysis of cuticular compounds in insects. High-resolution techniques are fundamental to determine cuticle composition, and may provide an improved understanding of physiological functions, and between-individual interactions of wasps (Golebiowski et al., 2013) . A method commonly used for this purpose is gas chromatography (Gamboa et al., 1996; Lorenzi et al., 2004; Kroiss et al., 2011; Ferreira et al., 2012; Costanzi et al., 2013) .
A few studies have investigated the cuticular composition of eusocialist wasps from egg to adult. With this in mind, the aim of the current study was to evaluate changes in cuticular composition throughout the development of the wasp Polistes versicolor.
MATERIAL AND METHODS

Collection and material selection
Ten colonies of P. versicolor wasps were collected between February and March 2013 from the forest region of the "Coconut Farm", in Dourados / State of Mato Grosso do Sul, Brazil (S 22°12ꞌ43ꞌꞌ, W 54°54ꞌ53ꞌꞌ). Colonies were extracted at night by wrapping a plastic container around the nest then detaching the stalk of the substrate clamping. Next, the entire population was taken to the laboratory and stored at 4°C for up to five days. During this period, samples of developmental stages were weighed and cataloged prior to extraction of the cuticle components for chemical analyses.
Cuticular chemical composition was analyzed at all stages of insect development: eggs, larvae, pre-pupae, pupae, and adults. To confirm the five larval instars, widths of the head capsule of 758 larvae from all ten colonies were measured using a stereomicroscope (Zeiss Stemi 2000, Edmund Optics Inc, Barrington, NJ ,USA), equipped with an ocular micrometer and camera digital. Data were compared to results reported by Pinheiro et al. (2011) for this species, and larvae were classified into five instars (I, II, III, IV, and V).
All individuals (eggs, larvae, pre-pupae, pupae and adults) were killed by freezing, then stored at -20°C until further processing for extraction. For all developmental stages, cuticular hydrocarbon extraction was performed on whole individuals.
Gas chromatography with flame ionization detection (GC-FID) and gas chromatography coupled to mass spectrometry (GC-MS) were employed to evaluate the of the cuticle of eggs, all larval instars, pre-pupae, pupae and adults; five samples from each stage were analyzed from each of the ten colonies.
Extraction
Cuticular constituents were extracted from each individual, using 1 mL hexane (HPLC grade (Tedia, Fairfield, OH, USA) for 2 min. Following filtration, the solvent was removed using an exhaustion chapel. Each extract was then dissolved in 50 µL hexane, for chromatographic analysis. Before the extraction of the hexane was also analyzed by chromatography under the same conditions as the samples to confirm its purity.
Gas chromatography with flame ionization detector (GC-FID)
Samples and standards (C 7 -C 31 , Sigma Aldrich with purity ≥ 90%) were analyzed by GC-FID(Focus GC, Thermo Scientific, San Jose, CA, USA) with an OV-5 capillary column (Ohio Valley Specialty Company, Marietta, OH, USA) having 5% phenyl dimethylpolysiloxane (30-m length, 0.25-mm diameter, and 0.25-mm film thickness). Each sample (1µL) was injected in splitless mode. The injector and detector were maintained at 280°C, using N 2 as the carrier gas (99.999%; flow rate 1.0 mL / min). The initial oven temperature was 50°C, which reached 280°C at a rate of 6°C / min, then remained at 280°C for 10 min. Chromatograms were recorded using Chrom Quest 5.0 software (Focus GC, Thermo Scientific, San Jose, CA, USA), and analyzed by means of the Workstation Chrom Data Review software (Focus GC, Thermo Scientific, San Jose, CA, USA).
Gas chromatography with mass spectrometer detector (GC-MS)
A gas chromatograph (GC-2010 Shimadzu, Kyoto, Japan) mass spectrometer detector (QP 2010), with a capillary column DB -5 (J & W, Folsom, California) and 5% phenyldimethylpolysiloxane (30-m length, 0.25-mm diameter, and 0.25-mm film thickness) was used. Analysis conditions were: carrier gas helium (99.999 %; flow rate 1 mL/min); and injection volume 1 µL in splitless mode. The oven temperature conditions were as described for GC-FID. The injector, detector and transfer line were kept at 280°C. Parameters included scanning MS voltage electron impact ionization of 70 eV; a range of mass 45-600 m/z and scan of 0.5 s.
Data processing was performed using a signal to noise ratio of three. The criterion for accepting a detected compound was a minimum of 900 of similarity match, as well as manual inspection of the quality of the mass spectrum for each compound. Identification of compounds was performed using standards (C 7 -C 31 ), retention index and tentative identification, by comparing the mass spectra of unknown components with those of the Wiley mass spectra library (Wiley MS 6 th Edition). Relative area percent for each chromatographic peak was employed as abundance approach to evaluate the contribution of each compound area to the total area, and for comparisons between samples. The sum of all peak areas was considered for 100% of each sample, and each peak was assigned a percentage corresponding to its area.
Statistical analysis
Data obtained by chromatography were first analyzed by multivariate analysis of variance (MANOVA) of relative percentage areas, to obtain individual P and F values. Principal component analysis (PCA) followed by MANOVA was then carried out using the software program SYSTAT 12 (Sigma Plot, San Jose, CA, USA).
RESULTS
Compounds identified are presented in Table 1 . Values of the relative standard deviation employing abundance were less than 1% within the same developmental stage, indicating that quantities of linear alkanes did not differ in each developmental stage for individuals from the same colony.
When abundance of compounds in each stage of the ten colonies were compared, the relative standard deviation was less than 2.5%, indicating that even among colonies, differences were not significant. In the differentiation analysis employing MANOVA, only the linear alkane C 28 was significant in explaining the differences between the colonies (F = 5.453; P = 0.020).
Based on P and F values (Table 1) , only C 25 and C 28 were not significant to distinguish the nine stages of development of P. versicolor. In general, differences were qualitative and quantitative for compounds in various stages of development (Figure 1) . At the egg stage, differences were predominant for linear alkanes C 8 , C 24 , C 27 , and C 29 . For the larval instars, there was a predominance of linear alkanes C 8 , C 22 and C 24 to C 30 . In the pre-pupae, pupae and adult stages, C 8 , C 22 , C 24 , and C 26 to C 30 showed a higher abundance during later developmental stages (Table 1 ). The addition to branched alkanes increased their abundance from the egg (13.52%) to adult (22.96%) stages. In the current study, linear and branched alkanes were important to define different stages of development (Figure 2 ) . 
DISCUSSION
The ten colonies showed no significant differences statistical. This similarity can be explained by the fact that those colonies were nesting in the same area, presenting some level of kinship among wasps from the different colonies, and thus resulting in a similar cuticular chemistry. Moreover, environmental factors may be relevant (Young and Schal, 1997) , and exogenous components from feed and nest substrate, among others, may influence the chemical composition of the cuticle, which could increase these similarities between nests from similar environments (Sorvari et al., 2008; Zweden et al., 2009 ).
Significant statistical differences were observed in the chemical composition of cuticles of wasps at the various stages of development of the species. Brown et al. (1991) observed qualitative similarities between the composition of cuticular hydrocarbons of Vespula germanica from different colonies, but showed quantitative differences in the proportions of linear alkanes, alkenes and branched alkanes in the cuticular analysis of this species. On the other hand, Dapporto et al. (2004) analyzed branched hydrocarbons and saturated and unsaturated alkanes present in the cuticle of adult colonies of P. dominulus, and observed that colonies of the same geographical population presented more similarity in cuticular chemical composition than did colonies from different locations.
In the study, linear and branched alkanes were important to define different stages. Cotoneschi et al. (2009) , who analyzed P. dominulus larvae wasp and identified, in addition to linear alkanes, branched compounds such as alkanes and alkenes. These compounds were also important to distinguish the chemical signature of larvae, pupae and adult Calliphora vomitoria flies (Gołębiowski et al., 2013) , and parasitoid Dibrachys cavus wasps of different ages (Ruther et al., 2011) .
It should be noticed that, in the egg stage, the linear alkanes C 7 , C 11 , C 12 , and C 13 were not identified, and smaller amounts of branched alkanes were detected. Yoon et al. (2012) , studying the Riptortus pedestris bedbug, found qualitative differences in the cuticular composition of eggs compared to other stages of development and only at the egg stage, the compounds C 28 and C 30 were not detected.
Differences between eggs and other stages of development can be at least in part explained by substances present in the Dufour gland (Billen, 2008) , which help in differentiating eggs of different castes. According to Bonckaert et al. (2012) , in a study of Vespula vulgaris, cuticular composition of the egg was similar to that of the oviposition female, and also to the Dufour gland of this female. Ayasse et al. (1999) evaluated the cuticular chemical composition of queens, workers and eggs from both castes, as well as samples of the Dufour gland, in Bombus terrestris. These authors found differences in the chemical composition of eggsand adult queens and workers, as well as similarities between the cuticular chemical profiles of eggs and the Dufour glands of adults. According to Dapporto et al. (2007) , the chemical profile of the egg cuticle is related to the degree of oviposition of the ovarian development of females.
Among the linear alkanes, the most significant to quantitatively distinguish the different larval instars were C 8 , C 22 , and C 24 -C 30 . On the other hand, C 22 , C 24 , C 26 , C 27 , and C 28 were more quantitatively pronounced in larvae than in other stages of development. Brown et al. (1991) determined quantitative differences in some linear alkanes, such as C 27 and C 29 , in larval and adult V. germanica. In a similar study of P. dominulus, Cotoneschi et al. (2007) described qualitative and quantitative differences in the cuticle compounds of larvae, which presented linear alkanes C 22 -C 34 and adults, which presented C 23 -C 36. In the same study of Cotoneschi et al. (2007) , it was found that the linear alkanes were more abundant in the larvae, while in adults there was a greater amount of branched alkanes.
Pre-pupae, pupae and adults presented quantitative variations, with reduced linear alkanes and significantly increased branched alkanes, demonstrating an evolution in the cuticular signature of P. versicolor throughout its development. Dapporto et al. (2008) found that in the cuticle of P. dominulus there was a significant quantitative increase of branched alkanes after adult emergence. Neves et al. (2012) observed that adult Mischocyttarus consimilis, a social wasp, acquire their chemical signature five days after emergence, following social interactions with the substrate and the nest itself. Quantitative variations of linear alkanes, as well as of branched and linear alkenes, between pupae and adults of P. dominulus and V. germanica have been described (Brown et al., 1991; Lorenzi et al., 2004) . Throughout the developmental cycle of P. versicolor, significant variations in the chemical composition of the cuticle were observed. The variation in the linear alkanes and branched alkanes was quantitative, since most of them are present in all stages, with the exception of some linear alkanes that uniquely characterized the egg stage. Branched alkanes also varied significantly in quantity, increasing throughout development of the insect. However, there was no significant variation among different colonies, probably because they were from the same population and may have had close kinship relationships, and exposure to the same environmental factors.
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